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Completed  and  Delivered  Items: 

(1)  Study  the  Cause  of  Seasonal/Longitudinal  (s/1)  Variations  of  Equatorial  Irregularity 
Occurrences.  (Published  in  Journal  of  Geophysical  Research-Space  Physics,  May 
31,2008) 

This  study  started  from  the  last  project  period  (AOARD-06-4046),  and  is  now 
completed  and  published  in  May,  2008  in  Journal  of  Geophysical  Research-  Space 
Physics  (complete  paper  is  attached  in  Appendix  I).  The  examination  of  global 
monthly  occurrence  pattern  of  density  irregularities  indicates  that  a  smooth  and 
slow  variation  in  the  occurrence  pattern  exists  from  one  longitude  sector  to  the  next. 
Such  variation  should  be  related  to  the  smooth  and  slow  variations  of  the  magnetic 
declination  as  well  as  the  longitudinal  variation  of  the  geographic  location  of  the  dip 
equator  for  the  ionospheric  property.  The  effects  of  the  magnetic  declination  and 
the  ionospheric  condition  initially  affect  the  s/1  distribution  of  the  post-sunset 
vertical  drift  velocities  that  then  result  in  the  same  s/1  variations  of  the  irregularity 
occurrences.  Thus,  other  factors  such  as  the  seed  distribution  for  the  instability 
perturbation  from  the  atmospheric  disturbance  probably  play  no  role  in  determining 
the  s/1  variations  of  irregularity  occurrences. 

(2)  Initial  Result  of  Seasonal/Longitudinal  (s/1)  Distribution  of  Irregularity  Spectra 
Indices. 

We  have  been  using  the  32-Hz  ROCSAT  density  data  to  obtain  the  s/1 
distributions  of  the  irregularity  spectra  variation.  First,  the  s/1  distributions  of 
irregularity  spectra  slope  between  1  km  and  7.6  km  in  the  scale-length  is  obtained. 
The  spectra  slopes  are  then  used  to  obtain  the  turbulence  strength  parameter  Cj. 
Then  the  scintillation  index  S4  is  calculated  as  shown  in  one  example  of  Figure  1. 
Data  in  2000  have  been  studied  and  a  global  scintillation  model  is  being  constructed. 
There  is  some  argument  of  identifying  the  outer-scale  length  of  the  irregularity 
turbulence  correctly  to  obtain  the  turbulence  strength  parameter  Cg.  However,  this 
will  be  cleared  in  the  upcoming  project  when  a  coincident  event  between  the 
ROCSAT  and  scintillation  experiment  at  Ascension  Island  is  studied  in  the  later  part 
of2008. 

(3)  Management  of  NCU-SCINDA  Station  and  Study  the  Coincident  Observation 
Events  with  FORMOSAT-3/COSMIC  and  C/NOFS.  (Continuing) 

The  NCU-SCINDA  Station  is  being  managed  smoothly  with  continuous 
operation  up  to  now.  All  the  full-wave  mode  (100  Hz)  data  during  the  nighttime 


have  been  collected  so  far.  In  May  2008,  Dr.  S.  Tulasi  Ram,  a  PostDoc  of  PI,  Prof 
C.  H.  Liu  joined  the  project  to  study  the  full-wave  mode  data.  We  have  found  that 
the  data  received  by  the  2  antennas  separated  by  75  meters  could  not  be  used  to 
derive  the  drift  velocity  of  the  irregularity  structure  as  noted  in  Figure  2.  The  cause 
of  failure  is  still  under  investigation.  However,  it  seems  to  be  caused  by  the 
hardware  failure.  Furthermore,  noise  contamination  is  found  in  all  the  data  up  to 
July  2007  as  shown  in  Figure  3.  Fortunately,  data  after  July  2007  is  good  and 
reveals  scintillation  occurrences  when  they  appear.  We  will  use  these  good  data  to 
study  the  coincident  observations  with  FORMOSAT-3/COSMIC,  and  with  C/NOFS 
in  2008-2009. 
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Fig.  1.  Study  of  scintillation  index  S4  derived  from  density  irregularities  observed  by 
ROCSAT-1.  Panels  from  top  to  bottom  are  the  variations  of  the  spectral  index 
in  the  density  power  spectra  of  the  irregularity  structure,  the  derived  turbulence 
strength  parameter,  the  resultant  scintillation  index  S4  for  1 .2  GHz  radio  wave, 
and  the  local  time  distribution  of  the  occurrences,  respectively. 
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Fig.  2.  Example  of  cross-correlation  study  of  signals  from  channels  1  and  2  to  obtain 
the  drift  of  the  irregularity  intercepted  by  the  NCU-SCINDA  station. 

Although  the  signals  look  good,  the  result  of  cross-correlation  (shown  in  the  last 
panel  in  the  bottom  right-hand  side)  indicates  that  no  drift  of  the  irregularity 
structure  can  be  obtained  because  the  peak  of  the  cross-correlation  is  located  at 
the  zero  time-lag. 
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Fig.  3.  The  chronology  of  the  occurrences  of  scintillation  index  S4  observed  by 

NCU-SCINDA  station  in  2007  and  2008.  Notice  the  contamination  of  signals 
in  2007  stops  on  day  200.  After  that  day,  the  noise  disappears  and  good 
scintillation  event  has  been  noted. 
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On  nionthly/seasoiial/loiigitudinal  variations  of  equatorial 
irregularity  occurrences  and  their  relationship  with  the 
postsunset  vertical  drift  velocities 

S.-Y.  Su,'  C.  K.  Chao,^  and  C.  H.  Liu’ 

RocciYrd  10  September  2007;  revtsod  19  November  2007;  accqited  14  Januar>'  2008;  published  16  May  2008. 

[t]  Monthly  variation  of  global  equatorial  density  irregularity  distribution  has  been 
obtained  with  the  data  taken  by  ROCSAT-1  at  the  600  km  topside  ionosphere  from  March 
1999  to  June  2004  during  high  to  moderate  solar  activity  years.  This  global  distribution  of 
monthly  irregularity  occurrence  rate  not  only  provides  the  be.st  spatial'temporal 
distribution  in  existence  so  far  but  also  ser\'es  to  fill  the  gap  of  irregularity  distribution 
missing  over  some  eastern  Pacific  region  where  no  ground  observation  is  available.  The  5 
1/2-year  result  of  the  monthly  occurrence  pattern  indicates  a  smooth  variation  across 
the  longitudes  contrary  to  some  beliefs  that  a  drastic  change  in  irregularity  occurrence 
pattern  has  occurred  across  the  eastern  Pacific  longitudes.  Excellent  agreement  is  noted  for 
the  current  results  with  Aarons’  (1993)  conjectured  sketch  of  the  global  scintillation 
distribution.  Furthermore,  the  seasonaUongitudinal  (s^l)  variations  of  quiet  time 
postsunset  vertical  drift  velocities  are  found  to  track  closely  with  the  s/1  variations  of 
irregularity  occurrences.  Linear  regression  analysis  between  the  vertical  drift  velocity  and 
the  irregularity  occurretKe  rate  indicates  that  the  vertical  drift  velocities  at  three  different 
longitude  zones  of  magnetic  declination  have  good  correlations  with  the  irregularity 
occurrences  for  all  seasons.  This  implies  that  the  averaged  posLsunset  vertical  drift  velocity 
is  a  good  indicator  for  the  occurrences  of  equatorial  density  irregularities  in  a  longitude 
region  of  simOar  magnetic  declination.  The  smooth  variation  of  monthly /seasonal/ 
longitudinal  distributions  of  the  vertical  drift  velocities  that  results  in  the  smooth  variation 
of  topside  den.siiy  irregularity  occunences  implies  that  the  global  occurrence  pattern  of 
either  distribution  is  controlled  by  the  .smooth  global  variation  of  the  postsunset 
ionospheric  condition,  related  to  the  magnetic  declination  effect  and  the  seasonal  variation 
of  the  ionospheric  density  level  at  the  dip  equator  located  with  respect  to  the  geographic 
equator.  There  seems  little  need  to  include  the  global  distribution  of  instability 
perturbation  seeds  from  atmospheric  disturbances  to  complete  the  global  distribution  of 
topside  ireegularity  occurrences. 

C'ilation;  Su.  S.-Y.,  C.  K.  Chao,  and  C.  H.  Liu  (2008),  On  monthly/sea)io«ial/loiigitudinal  variattons  of  equatorial  irregularity 
occurrences  and  their  relatioivship  with  the  po>stsunset  vertical  drift  vektehies,  J.  Geophys.  Res.,  113,  A0S307, 
doi: 1 0. 1 029/2007J  AO  1 2809. 


1.  Introduction 

[2]  Global  sca.sonal/k>ngitudmal  (s/I)  distributions  of 
ionospheric  irregularities  have  been  studied  with  ground 
and  space  observations  in  the  past  [Ba^u  et  ai,  1976; 
Aarons,  1977.  1982,  1993;  Maruyama  and  Matuura, 
1980,  1984;  Tsunoda,  1985;  Wiaanahe  and  Oya,  1986; 
Kii  and  Heelis,  1998;  McClure  et  ai.,  1998;  Huang  et  al.. 
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2002;  Hei  et  al.,  2005;  Su  et  aL,  2006].  However,  because  of 
satellite’s  short  lifetime  in  operation,  many  space  observa¬ 
tions  seldom  provide  a  long  record  of  data  to  study  the 
mcmthly  variation  of  irregularity  occurrences  at  one  partic¬ 
ular  longitude  region.  Long  records  of  line  tempeval  reso¬ 
lution  in  the  mondily  irregularity  occurrence  variation  at  one 
longitude  region  is  usually  provided  by  a  ground  observa¬ 
tion  with  radar,  ionosondc,  or  scintillation  data  [c.g., 
Aarons,  1982,  \  Bowman,  1984;  Tsunoda,  \9^;Ahdu 
et  aL,  1981,  1992].  Since  there  are  not  enough  ground 
stations  to  cover  foe  whole  globe,  the  longitudinal  distribu¬ 
tion  of  monthly  irregularity  occurrences  wifti  good  temporal 
resolution  has  not  been  documented  yet.  In  particular,  there 
is  no  ground  observation  available  at  longitudes  ftom  180  to 
280®  in  the  ea.stom  Pacific  region  and  Basu,  1985]. 
This  data  gap  seems  to  lead  some  speculation  that  an  abrupt 
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change  in  the  monthly  occurrence  pattern  across  these 
longitudes  has  occurred  because  the  data  trom  either  side 
of  ^is  longitude  region  indicates  dificrent  monthly  occur¬ 
rence  patterns.  Although  there  is  a  large  change  in  the 
U)po)ogical  feature  Irom  the  eastern  PacHlc  to  the  South 
American  continent  to  imply  that  dificrent  instability  ctm- 
dition  could  have  existed  to  alfect  the  irrcgulaiity  occur¬ 
rence  processes,  it  is  uncertain  if  such  a  process  has  c\cr 
resulted  in  dilTercnt  monthly  occurrence  pattern  in  the  data 
gap  region. 

[3]  ROCSAT-1  satellite,  orbiting  at  600  km  altitude 
wth  35®  inclination,  was  in  mission  from  March  1999 
throu^  June  2004  around  the  solar  max  period  of  solar 
cycle  23.  The  onboard  ionospheric  and  plasma  clcctiotfy- 
namics  instrument  (IPEI)  (^crabrs  at  100%  duty  cycle  to 
take  continuous  data  of  ion  density,  Dow  velocity,  tem¬ 
perature,  arxl  ion  ccxnposition  in  the  low'-to-middic  lati¬ 
tude  ionosphere  throughtxit  the  5  1/2 -year  lifetime.  This 
data  set  constitutes  the  best  data  set  of  the  topside 
ionospheric  observations  at  low-to-middic  latitudes  since 
the  ends  of  the  U.S.  Atmospheric  Explorer  E  (AE-E) 
mission  in  1981  [e.g.,  McQure  et  ai,  1998;  Kil  and 
Heelis,  1998]  and  the  Japanese  Hirtotori  mission  in  1982 
[e.g.,  Watanahe  and  Ch'a,  1986].  There  arc  other  short¬ 
lived  low-latitude  ionospheric  observation  missions  such 
as  the  San  Marco  mission  that  did  not  provide  enough 
data  to  construct  a  statistical  model.  The  long  operated 
Defense  Meteorological  Satellite  Program  (DMSP)  has 
been  collecting  data  for  more  than  a  decade  but  the 
mission  has  only  covered  some  specific  local  time  regions 
[Huang  et  ai,  2002].  Simi]arf>',  the  s/1  distributions  of 
equatorial  spread-F  events  observed  by  the  polar-orbiting 
CHAMP  satellite  between  380  and  450  km  altitudes  from 
2001  to  2004  cannot  provide  fine  spatial.iempOTal  reso¬ 
lution  as  the  low-latitude-orbitir^  ROCSAT  does  [Stolle 
et  ai,  2006].  Only  the  scheduled  C/NOFS  (Communica¬ 
tion/Navigation  Outage  Forecasting  System)  mission 
could  probably  provide  data  that  exceed  the  ROCSAT/ 
IPEI  data  in  quality,  quantity  and  significance  for  the 
low-lathudc  ionospheric  study.  However,  C/NOFS  is 
scheduled  to  launch  in  April  of  2008  and  operates  in 
the  beginning  years  of  solar  cycle  24  when  he  solar 
activity  is  low.  Thus  the  ROCSAT/IPEI  data  set  still 
remains  the  best  data  set  to  study  the  cquaa)rial  clcctro- 
d>'namics  during  high  solar  actwity  periods.  The  con¬ 
structed  global  distribution  of  monthly  irregularity 
occurrence  pattern  will  be  valuable  for  comparison  with 
the  ground  observation  at  an>’  longitude.  This  is  especial¬ 
ly  true  in  the  eastern  Pacific  region  where  no  ground 
observation  is  available  so  far. 

[4]  In  addition,  as  the  postsunset  iono.sphcric  height  has 
been  attributed  as  ore  of  the  most  important  factors  for  the 
occurrence  of  cquatt)rial  irregularity  [e.g.,  Farley  et  al., 
1970;  Ossaknw  et  ai.,  1979;  Ra.stog^,  1980;  Ahdu  et  al., 
1983;  Sultan,  1996;  Fejer  et  ai,  1999],  the  ROCSAT 
observed  quiet  time  postsunset  vertical  drift  v'clocities  will 
also  be  used  to  study  the  background  ionos|heric  condition 
in  relation  to  the  irregularity  occurrences  in  the  monthly/ 
seasonallongitudinal  distributions.  This  is  to  sec  if  an 
ionosphere  hat  has  been  frequently  ob.serv'ed  to  have  a 
large  postsunset  vertical  drift  velocity  will  also  has  a  high 


probability  of  observing  density  irregularities  at  a  longitude 
region  in  every  sea.son. 

2.  ROC'S.\T/IPEI  Observations 

2.1.  Quiet  Time  Munthly/l.ongitudinal  Variations  of 

Equatorial  Irregularities 

[s]  Study  of  the  scasonal/longitudinal  (s/l)  distributions 
of  topside  ionospheric  irregularity’  occurrences  at  low-to- 
middle  latitudes  with  the  ROCSAT/IPEI  data  has  been 
publi.shed  before  [5u  et  al,  2006].  Hae  we  use  the  same 
data  set  to  con.struct  a  detailed  global  monthly  variation 
of  equatorial  irregularity  occurrences  wihin  ±15®  in  dip 
latitude  during  magnetic  quiet  times  {Kp  <  3).  Because  the  5 
I /2-year  data  is  taken  during  moderate  to  hi^  solar  activity 
years,  the  solar  actwity  effect  on  the  equatorial  irregularity 
occurrences  is  also  studied  with  the  distribution  taken 
during  a  high  solar  activity  year  of  2000  against  the 
distribution  in  a  moderate  sc4ar  activity  year  of  2003.  All 
these  results  arc  shown  in  Figure  1.  The  global  monthly 
occurrence  v'ariation  is  shown  in  36  longitude  sectors 
(scctiais).  In  each  longitude  sectt)r,  the  solid  liix;  represents 
the  5  1/2-year  averages  of  the  occurrcnec  rate,  wbile  the 
da.shed  line  is  for  year  2000  and  the  dotted  line,  for  year 
2003. 

[6]  We  use  the  first  letter  of  the  month  to  represent  the 
month  in  a  year  in  die  horiTontal  axis  of  each  section  in 
Figure  1,  such  as  J  for  Januar>’,  F  for  February,  and  so  on. 
Then  a  season  of  the  March  equirxix  will  iiKlude  FMA 
months;  June  solstice  has  MJJ  months;  September  equinox 
has  ASO  months;  and  December  solstice  has  NDJ  months. 
As  we  start  to  inspect  each  section  in  Figure  1  for  the  global 
longitudinal  variation  of  the  5  1/2 -year  averaged  irregularity 
occurrence  rate  (shown  in  solid  lines),  we  notice  that  at 
longitudes  0  10®  shown  in  the  upper-left  section  of 
Figure  1,  the  nxmthly  occurrence  peaks  in  both  equinox 
seasons  and  has  a  minimum  during  the  December  solstices. 
A  valley  in  the  monthly  occurrence  pattern  is  noted  in  the 
June  solstice.  This  monthly  occurrence  paticm  remains  very 
similar  to  each  other  from  one  longitude  sector  to  the  next 
except  that  the  peaks  and  valley  change  slowly,  as  we  move 
eastward  until  wc  arrive  at  longitudes  50  60®.  In  this 
region,  the  valley  becomes  so  low  that  the  months  for  the 
minimum  occurrence  rates  now'  include  the  June  solstice  in 
addition  to  the  December  solstice.  Similar  feature  of  double 
peaks  of  high  occurrences  in  both  equinoxes  and  double 
dips  of  low'  occurrences  in  two  solstices  is  maintained  for  a 
longitudinal  span  of  about  I  Oft®  until  the  longitude  sccto’  of 
1 40  150®  is  reached.  From  hae  on,  the  low  occurrence  rate 
during  the  June  solstice  gradual^  increa.sc.s  until  it  attains  a 
maximum  at  the  longitude  sector  of  1 60  1 70®.  On  the  other 
hand,  the  December  solstice  months  still  retain  fttc  mini¬ 
mum  occurrence  rates.  Moving  ftirfticr  ca.stward,  the  ntonths 
of  the  maximum  occurrence  begin  to  .shift  toward  the 
SeiMember  equinox.  As  the  occurrence  rates  in  the  June 
solstice  begin  to  decrea.se  at  the  longitude  sector  of  210^ 
220®,  a  small  peak  in  the  March  equinox  reappears  as  we 
move  further  ca.stward  until  the  occurreiKe  rates  in  the  June 
solstice  become  the  minimum  at  longitudes  230  240®.  At 
this  longitude  sector,  the  occurrence  maxima  return  to  the 
two  equinoxes.  From  here  on,  the  minimum  occurrence  rate 
stays  in  the  June  solstice  and  the  occurrence  rates  during  the 
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Longitudinal  Variation  of  Equatorial  Irregularity  Occurrences  (kp  <  3) 
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F^ure  1.  Monthly'  variation  of  global  longitudinal  distribution  ot‘  tqisidc  equatorial  irregularity 
occurrences  ohscr\ed  by  ROCSAT-1  from  1999  to  20(M. 


December  solstice  begin  to  peak  and  overtake  the  two 
equinoctial  peaks  to  become  the  maximum  at  longitudes 
280-290®.  The  maximum  occurrence  rate  during  the 
December  solstice  remains  very  high  and  the  minimum 
stays  in  the  June  solstice  until  we  reach  the  longitude  sector 
340  -  350®,  where  the  maximum  rate  during  the  December 
solstice  begins  to  subside  and  two  peaks  in  the  two 
equinoxes  become  apparent  as  we  rrx)ve  eastward  to  return 
to  the  prime  meridian  to  complete  the  inspection  of  the 
global  variation  in  Figure  I. 

[7]  Inspection  of  Figure  I  leads  us  to  realbe  that  the  gross 
feature  of  the  monthly  irregularity  occurrence  pattern 
changes  slowly  and  smoothly  across  the  longitudes.  There 
is  no  large  or  abmpt  pattern  change  from  one  longitude 
sector  to  the  next.  The  maximum  occurrence  rate  in  a 
particular  month  at  one  longitude  will  change  to  become 
the  minimum  in  the  same  month  at  a  different  longitude 
sector,  but  the  change  is  gradual  across  the  longitudes.  For 
example,  a  maximum  occurrence  rate  at  the  longitude 
sectors  from  1 60  U)  200®  is  noticed  during  the  June  solstice. 
The  maximum  then  becomes  the  minimum  in  the  same 
solstice  season  if  we  trove  a  third  way  across  the  globe  to 
the  longitude  sectors  290  330®.  Opposite  case  in  the 
occurrence  rate  change  is  also  noticed  in  the  sairo  two 
longitude  sectors  during  the  December  solstice.  However, 
any  large  pattern  change  between  two  different  longitude 


sectors  for  the  sarrK  month  (season)  is  accomplished  with  a 
sirooth  and  gradual  change  in  the  occurrence  pattern  across 
the  longitudes  between  the  two. 

[k]  Thus  as  we  examine  Figure  1  for  the  nK)nthly  varia¬ 
tion  of  irregularity  occurrences  for  the  locations  across  the 
longitudes  from  180  to  280®  in  the  eastern  Pacific  region 
where  no  ground  observation  is  avaibble  so  far,  we  notice 
that  two  different  monthly  occurrence  patterns  existed 
during  the  June  sokticc  outside  this  region.  One  pattern 
indicates  that  a  maximum  occurrence  rate  in  July  is 
observed  at  longitudes  from  160  to  170®.  The  peak  occur- 
reiKc  rate  then  inacascs  and  shifts  toward  the  September 
equinox  as  we  move  eastward.  At  longitudes  230  240®,  a 
minimum  occurrence  rate  then  appears  during  May.  the 
beginning  of  June  solstice  trontiis.  This  minimum  occur- 
rcrKC  rate  then  extends  to  cover  the  whole  June  solstice 
months  as  we  move  further  eastward  to  the  longitudes  270 
280®.  where  the  minimum  occurrenee  rate  dips  to  near-zero 
in  the  June  sobtice.  This  minimum  near-zero  occurrence  rate 
in  the  June  solstice  is  maintained  up  to  the  Iroghudes  290 
340®,  where  a  dominant  and  prevailing  maximum  ajpears 
during  the  December  solstice.  Thus  without  the  current 
ROeSAT  observation  to  fill  the  gap  for  the  longitude  sectors 
between  1 80  and  280®,  one  could  be  misled  by  the  existing 
ground  observations  that  a  rronthly  maximum  occurs  in  July 
at  the  loi^itude  sector  160  170®,  but  dri^s  to  minimum 
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F4»ure  2.  Sca.sonal’Iongitudinal  distributions  of  equatorial  vertical  drift  velocities  observed  by  ROCS  AT* 
1  in  18  19  h  local  time  (LT)  sector  during  quiet  nragnetic  periods  with  no  irregularity  occurrences  during 
each  equatorial  crossing.  Shaded  and  unshaded  bar  regions  indicate  the  location  of  the  dip  equator  in  the 
Northern  and  Southern  Hemisphere,  respectively.  The  plus,  minus,  arxl  circle  signs  indicate  the  longitude 
Tones  of  positive,  negative,  and  near-zero  magnetic  declination,  respectively,  at  the  dip  equator. 


during  the  June  solstice  at  the  longitude  sector  290  340° 
and  concludes  that  an  abrupt  change  in  the  monthly  occur- 
reiKC  variation  exists  belH’een  180  and  280°.  An  abriq)t 
change  irxlecd.  but  the  change  is,  in  fact,  gradual  across 
some  large  longitude  sectors  over  the  eastern  Pacific. 

[9]  The  final  note  in  Figure  1  is  to  compare  the  results 
observed  during  the  high  solar  activity  >ear  of  2000  (drawn 


in  da.shed  lines)  with  that  in  the  moderate  active  >ear  of 
2003  (in  dotted  lines).  Year  2000  is  the  solar  maximum  of 
cycle  23  with  the  yearly  averaged  f.O,  7  of  180,  while  >ear 
2003  is  in  the  beginning  of  the  decline  pha.se  with  the  yearly' 
averaged  F10.7  of  1 30.  The  monthly  average  of  F10.7  in  2000 
is  always  higher  than  that  of  2003.  Thus  we  notice  that  the 
monthly  occurrence  rale  in  2000  is,  for  the  most  of  the  lime. 
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higher  than  that  in  2003;  and  the  5  1/2-ycar  averages  fall 
bel\^’een  the  t\^’o.  Such  occurrence  pattern  is  in  agreement 
with  past  observations  that  the  equatorial  irregularity  occur¬ 
rence  rate  is,  in  general,  correlatod  with  solar  activity. 
However,  there  is  qjposite  occurreitoe  pattern  noticed  for 
a  higher  monthly  occurrence  rate  in  2003  at  some  longitude 
sectors.  Such  contrasting  obscrvaticto  has  been  studied  and 
reported  in  a  separate  p^er  [5m  et  ai,  2007].  Here  in  Figure  1 , 
wc  only  point  out  that  the  global  longitudinal  variation  of 
month^  occurrence  rate  correiatos  with  solar  activity,  in 
general. 

2.2.  Quiet  Time  Seasonal'!. ongitudinal  Variations  of 
the  Poslsunset  N'ertkal  Drift  Vetocities 

[10]  The  vertical  ion  drift  velocities  measured  by  ROC- 
SAT-  1  in  foe  equatorial  region  between  ±5°  of  the  dip 
equate^’  are  obtained  during  foe  magrtotic  quiet  times 
{Kp  <  3)  and  without  equatcx’ial  irregularity  activities  during 
each  equatorial  crossing  of  the  ROCSAT  orbit.  This  con¬ 
stitutes  an  average  equatorial  vertical  drift  velocity  distri¬ 
bution  during  a  quiet  period  without  geomagnetic  as  well 
as  irregularity  activity.  In  the  current  report,  wc  present  the 
s/1  distributions  of  equatorial  vertical  drift  velocities  in  the 
18  19  h  local  time  (LT)  sector  in  Figure  2.  The  reason  to 
select  the  vertical  drift  velocity  in  this  local  time  secto*  is 
that  the  occurrctKC  of  equatorial  densi^  irregularities  is 
known  to  start  ftom  the  local  sunset  at  around  18  h  LT. 
Furthermore,  the  vertical  drift  velocities  in  the  18  19  h  LT 
sector  can  adequately  represent  toe  rising  vdocitics  of  the 
prcrcversal  enhancement  (PRE)  that  drives  the  postsunset 
ionosphere  to  a  higher  altitude  to  cause  the  occurrences  of 
equatorial  density  irregularities.  Therefore,  foe  corrdation 
study  carried  out  in  the  later  section  between  the  vertical 
drift  velocities  at  18  19  h  LT  and  the  occurrence  of 
equat(H’ial  density  irregularities  could  shed  light  on  the 
causal  rdationship  between  them. 

[11]  There  are  four  sections  in  Figure  2  showing  the 
longitudinal  distributions  of  vertical  drift  velocities,  ftom 
top  to  bottom,  for  the  March  equinox,  the  June  solstice,  the 
September  equinox,  and  the  December  solstice  season, 
respectively.  In  each  section  of  a  season,  wc  show  the 
scatters  of  the  OKasured  vertical  drift  velocities  averaged 
ftom  nine  middle  values  in  every  1 5  s  (data  points).  The 
averaged  vertical  drift  velocity  within  each  10°  longitude 
bin  is  connected  with  a  solid  line  to  show  the  longitudinal 
variation  in  a  seasoa  The  ccHinccted  averaged  vertical  drift 
velocities  indicate  some  urKven  variation  across  the  longi¬ 
tudes  ftom  statistical  fluctuations  due  to  low  data  points  in  a 
10®  longitude  bin.  However,  the  gross  feature  of  the  global 
variation  in  each  season  can  still  be  recogni^d. 

[12]  The  s/1  distributions  of  the  averaged  vertical  drift 
velocities  .shown  in  Figure  2  indicate  that  large  longitudinal 
variations  cxi.st  in  two  solstice  sea.sons.  Thae  is  a  very  low 
or  near-zero  averaged  vertical  drift  velocity  existed  at 
certain  longitudes  during  the  solstice  .seasoi  in  contrast  to 
toe  smaller  variation  observed  during  the  two  equinoxes. 
Spcciftcally,  wc  found  the  near-zero  vertical  drift  vdocitics 
at  longitudes  between  290  and  340®  and  between  60  and  90® 
during  the  June  solstice.  During  the  December  solstice,  the 
near-zero  vertical  drift  velocities  arc  observed  at  longitudes 
from  120  to  230®.  This  can  be  understood  ftom  the  fact  toat 
large  magnetic  declinations,  dthcr  positive  or  negative. 


exist  at  these  longitude  regions.  To  facilitate  the  explanation 
of  observations,  plus  signs  for  the  longitudes  of  po.sitive 
magnetic  declination  ftom  140  to  280®,  and  minus  signs  for 
the  longitudes  of  negative  declination  from  280®  through 
the  fX’imc  meridian  to  30®,  are  added  in  the  bottom  of  each 
section  to  indicate  the  magnetic  declination  at  the  dip 
equator  in  the  longitude  region  of  discussion.  For  longitude 
sectors  at  longitudes  with  small,  near-zero  magnetic  decli¬ 
nation  from  30  to  140®,  circle  signs  arc  used.  The  longitude 
sector  from  60  to  90®  could  have  belonged  to  the  longitude 
zone  of  negative  magnetic  declination  similar  to  that  was 
done  in  the  report  of  McClure  et  at.  [  1998],  but  we  have  put 
these  longitudes  into  the  longitude  zcxie  of  near-zero  mag¬ 
netic  declination  to  have  three  continuous  zones  of  difterent 
magnetic  declinations  shown  in  Figure  2,  instead.  The 
shaded  and  unshaded  bar  regions  in  the  bottom  of  each 
section  indicate  that  the  locations  of  the  dip  equator  arc  in 
the  Northern  and  Southern  Hcmisphac.  respectively.  It  is 
noted  that  the  longitudinal  .spans  fex*  the  positwe  (plus  signs) 
magnetic  declinations  in  the  shaded  and  in  the  unshaded 
zones  arc  about  the  same.  Similar  width  of  longitudinal  span 
for  the  negative  (minus  signs)  magnetic  declinations  in  the 
shaded  against  that  in  the  unshaded  zones  is  also  noted.  This 
is  to  point  out  that  the  magnetic  declination  cficct  ftom 
cither  positive  (plus  signs)  or  negative  (minus  signs)  zone  is 
about  the  same  in  either  shaded  (Northern  Hemisphere)  or 
unshaded  zone  (Soufocm  Hemisj^crc). 

[13]  From  foe  annotations  in  Figure  2,  it  is  noted  that  the 
near-zero  drHt  velocities  arc  observed  during  foe  June 
solstice  at  Irngitudes  290  340®  where  the  magnetic  decli¬ 
nations  are  negative,  and  during  the  December  soktioe  at 
longitudes  120  230®  where  foe  magnetic  declinations  arc 
positive.  As  for  the  longitude  region  of  60  90®  where 
magnetic  declinations  should  have  a  small  negative  value 
even  thou^  it  is  classified  into  near-zero  (circles)  magnetic 
declination  zone  in  Figure  2  for  simplicity,  a  near  zero  drifts 
during  the  June  solstice  is  in  agreement  with  the  ob.servaticm 
made  at  lon^tudcs  290  340®.  The  causes  for  these  obser¬ 
vations  arc  all  due  to  the  so-called  magnetic  dcclinaticm 
cfl’cct  that  will  be  discussed  in  section  3.3.  The  v'crtical  drift 
velocities  at  these  longitudinal  regions  lurthcr  exhibit  an 
anticorrelation  pn^erty  between  the  two  solstice  sca.sons. 
Again,  this  is  correlated  to  the  change  of  foe  magiKtic 
declination  cflect  during  the  respective  opposite  solstice 
season. 

[14]  Furthermore,  in  the  longitude  sectors  of  positive 
(plus  signs)  or  negative  (minus  signs)  magnetic  declination 
zone,  different  trends  in  the  vertical  drift  velocity  variation 
in  a  solstice  sea.son  arc  noticed.  Specifically,  during  foe  June 
solstice,  the  vertical  drift  velocities  increase  in  foe  positive 
(plus  signs)  zone  ftom  longitude  140  to  200®,  but  begin  to 
dccrea.se  in  foe  same  positive  zone  ftom  longitude  200  to 
280®.  This  can  be  understood  ftom  foe  fact  that  the  dip 
equator  at  longitudes  200  2  80®  happens  to  locate  in  the 
Southern  Hemisphere  (indicated  by  the  unshaded  bar  region 
in  Figure  2)  so  that  the  local  winter  ionosphere  condition  of 
low  density  level  in  the  June  solstice  taik  to  take  the  ftill 
advantage  of  the  poshivo  magnetic  declination  cflfect  to 
have  a  large  vortical  drift  velocity.  Opposite  behavior  k  ako 
noted  in  the  negative  zones,  where  foe  vertical  drift  veloc¬ 
ities  indicate  very  small  drift  from  longitude  280  to  320®  but 
increases  dramatically  from  320  to  30®.  Thk  is  due  to  local 


5  of  16 


A05307 


SU  ET  AL.:  ESF  IRREGULARITIES  AND  VERTICAL  DRIFTS 


A05307 


summer  effect  in  the  ionuspheric  condition  that  exists  at 
longitudes  320  30^  to  offset  scxne  of  the  negative  magnetic 
declination  effect  This  will  be  further  elaborated  later  in  the 
discussion  section  33.  As  for  the  December  solstice,  similar 
observations  of  contrasting  variation  trends  in  the  vertical 
drift  velocities  arc  noticed  between  the  longitudes  140 
200®  and  200  -280®  and  between  longitudes  280  -  320®  and 
320  30®.  Again,  this  is  due  to  local  seasonal  effect  of  the 
ionospheric  condition  in  relation  to  the  magnetic  declination 
effect 

[is]  As  fix’  the  two  equinox  seascxis,  small  longitudinal 
variations  in  the  vertical  drift  velocities  are  rwted.  They  vary 
between  15  and  40  m/s.  However,  the  patterns  of  longitu¬ 
dinal  variations  in  the  vatical  drift  vdocities  for  the  two 
equinoxes  are  different  from  each  other.  The  difference  is 
manifested  in  the  treixl  of  longitudinal  variation  for  having 
opposite  low  and  hi^  drift  velocities  appeared  at  longitudes 
t^m  150  to  280®  in  the  March  equinox  and  the  September 
equinox,  respectively.  These  longitudes  indicate  similar 
trends  of  of^ositc  longitudinal  variations  in  the  vertical 
drift  veloci^  pattern  during  the  two  solstice  seasons.  Since 
the  magnetic  declination  effect  is  most  noticed  during  a 
solstice  season,  some  residual  seasonal  effect  seems  to  be 
carried  over  to  the  following  equiixix  season.  Thus  the  high 
vertical  drift  velocities  achieved  at  die  positive  magnetic 
declination  zorxr  at  longitudes  140  280®  during  the  June 
solstice  arc  left  to  the  following  September  equinox,  and 
some  of  the  low  vertical  drift  velocities  at  the  same  zone 
observed  during  the  December  solstice  arc  carried  over  to 
the  following  March  equirmx.  A  Icssa  degree  of  similar 
scasrxial  effect  seems  to  otist  at  longitudes  280  30®  where 
the  magnetic  declination  is  negative.  Thus  the  effect  of 
magnetic  declination  at  the  dip  equator  that  seems  tt)  carry 
s(Hnc  residual  seasonal  effect  to  affect  the  vertical  drift 
velocity. 

3.  Discussion 

3.1.  Longitudinal  Distribution  of  MonthK 
Irreguiaritv  Occurrence  Variations 

[i6]  Before  proceeding,  we  would  like  to  mentirm  that  the 
density  irregularities  observed  by  ROCSAT  at  the  600  km 
altitude  are  related  to  the  raised  full-blown  equatorial 
plasma  bubble  depletion  structures.  The  growth  and  rise 
of  these  matured  structures  to  the  600-km  altitude  is  more 
related  to  tire  postsunset  ionospheric  condition  that  fosters 
the  growth  of  instability  process  than  U)  the  perturbation 
seeds  that  initiate  the  instabilities  and  Heela,  1998;  Su 
et  at.  2006].  Therefore,  the  result  of  Figure  1  which 
indicates  a  smooth  variation  in  the  monthly  occurrence 
patbrm  across  two  adjacent  longitude  sectors  implies  that 
the  ionospheric  condition  varies  smoothly  across  the  longi¬ 
tudes.  The  lOTOsphcric  condition  that  favors  the  growth  of 
equatorial  Raylcigh-Taylor  (R-T)  instabili^  process  has 
been  reported  to  come  from  two  factors:  (1)  large  zcxial 
electric  field  resulted  from  the  interaction  of  the  eastward 
neutral  wind  with  the  iormspherc  across  the  sunset  termi* 
natOT  U)  raise  the  postsunset  ionosphere  high  enough  to 
accelerate  the  growth  of  the  R-T  instability  process 
[Rishheth,  1971,  1977,  m\,  Heetis  et  al.,  \91A\  Farley 
et  aL,  1970;  Zalesak  and  Ossakow,  1980;  Ossakow,  1981; 
Ahdu  etai,  1982;  Batata  etal.,  \9S6;  Aarons,  1993;  Fejer 


et  al.,  1999;  G.  Haerendel,  unpublished  report,  1974];  and 
(2)  small  meridional  wind  to  reduce  the  hemtsf^ieric  density 
distribution  as>‘mmetr>'  to  lessen  the  instability  siq)prcs.sion 
effect  [Maruyuma  and  Matuura,  1984;  Maruyama,  1988; 
SuUan,  1996;  Ahdu  et  al.,  2006;  Su  et  at.,  2007].  Since  the 
ma^ctic  declination  will  affect  the  relative  sunset  times  at 
conjugate  E  rr^ions  in  factor  1  as  well  as  the  magnitude  of 
the  field-aligned  transequatorial  plasma  flow  in  factor  2,  it 
should  play  a  dominant  role  in  the  growth  of  irregularity 
structures.  As  the  magnetic  declination  varies  smootiily 
across  the  longitudes,  the  resulting  cflcct  to  influence  the 
occurrence  of  equatorial  irregularities  in  any  month  should 
also  vary  snKwthly  across  the  longitudes.  Therefore,  oik 
should  not  expect  a  drastic  change  in  the  monthly  occur¬ 
rence  pattern  across  the  longitudes,  and  the  result  of  Figure  1 
clearly  indicates  so. 

[t7]  In  addition,  hidden  in  factor  I  is  the  ionospheric 
density  level  that  spears  to  affect  the  growth  of  irregular¬ 
ities  during  the  June  solstice  at  longitudes  from  200  to  320® 
where  the  dip  equator  is  located  in  the  Southern  Hemi- 
sf^crc.  and  during  the  December  solstice  at  Icmgitudes  from 
320  to  200®  where  flic  dip  equatt)r  is  located  in  the  Northern 
Hemisphere  with  reference  to  the  annotated  information  in 
Figure  2.  The  low  density  level  during  the  June  sokticc 
apparcntl>’  affects  the  growth  of  density  irregularities  even 
at  the  longitude  regions  from  230  to  280®  where  a  positive 
magnetic  declination  exists  to  favor  a  high  irregularity 
occurrence,  yet  the  minimum  irregularity  occurrences 
appear  instead  as  seen  in  Figure  I.  This  is  termed  “the 
local  winter  effect.”  This  eflect  should  first  appear  in  the 
vertical  drift  velocities  in  these  longitude  regions  then 
affects  the  occurrence  of  irregularities.  This  has  been 
mentioned  in  section  2.2  and  will  be  discussed  further  in 
section  3.3  where  the  cause  of  the  vertical  drift  velocities  is 
discussed.  This  minimum  occurrence  rate  at  longitudes 
230  280®  during  the  June  solstice,  in  fact,  has  Ixidgcd  a 
smooth  variation  across  the  IcHigitudes  between  Icmgitudes 
120  180®  and  longitudes  310  340®,  where  a  drastic  con¬ 
trast  in  irregularity  occurrence  pattern  between  tfie  two 
regions  exists.  One  pattern  indicates  that  a  maximum 
occurrence  rate  in  July  is  observed  at  longitudes  160 
170®,  and  the  other,  a  near-Tcro  minimum  occurrence  rate 
in  the  June  solstice  is  seen  at  longitudes  270  340®  with  a 
dominant  and  prevailing  maximum  in  the  December  sol¬ 
stice.  The  reason  for  the  smooth  bridge  between  two 
contrasting  monthly  occurrence  variations  in  the  two 
regions  is  caused  by  the  local  winter  effect  on  the  iono- 
sj^cric  density  level  at  the  longitudes  200  280®  to  decrease 
the  July  maximum  gradually  as  we  move  across  the  longi¬ 
tude  region  that  has  the  positive  magnetic  declination  effect. 

3.2.  Comparison  With  .-Varims*  Sketch  of  Scintillation 
Occurrence  Pattern 

[i«]  In  a  review  paper.  Aarons  [1993]  indicates  that  as  a 
function  of  longitude,  “the  morplx)logy  of  f-region  irreg¬ 
ularities  is  vital  for  understarxling  tire  physics  of  the 
development  of  these  irregularities.”  Utilizing  then  avail¬ 
able  scintillation  data  in  ccxijunction  with  otiicr  in  situ 
measurements,  he  has  constructed  an  expected  monthly 
occurrerxic  variations  of  F-region  scintillations  (density 
irregularities)  over  man>'  known  ground  stations.  These 
stations  arc  located  at  Huanc^o,  Peru  at  longitude  —77®; 
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Figure  Comparison  of  Aarons  ’  ( 1 993]  puWishcd  mcmlhly  variations  of  scintillaticHi  occurrences  over 
seven  gmund  stations  around  the  world  (cq)icd  in  the  first,  third,  and  fifth  row  from  Aarons  [1993]  with 
kind  permission  of  Springer  Science  and  Business  ^(edia)  with  dtc  ROCSAT  observations  of  irrq'ularity 
occurrence  pattern  (plotted  in  the  second,  fourth,  and  sixth  row). 


Natal,  Brazil  at  longitude  —35**;  Accra.  Ghana  at  longitude 
0^;  Kodaikanal,  India  at  longitude  77°;  Manila,  Philippines 
at  longitude  121°;  Guam  at  longitude  143°,  and  Kwajalcin 
at  longitude  167°.  The  seven  stations  arc  distributed  to 
.separate  by  50  70°  in  longitude  between  two  adjacent 
stations  except  between  Kwajalcin  and  Huancayo  where 
the  longitudinal  separation  is  116°.  There  should  be  a 
station  located  around  220  240°.  but  unfbrtunatdy  no  such 
ground  station  existed  in  this  Pacific  rq^ion.  The  expected 
occurrence  rate  in  each  staUon  is  divided  into  four  levels  of 
.scintillation  activity  to  indicab:  the  monthly  occurrence 
vaiiatioa  Aarons’  results  arc  copied  in  the  first,  third,  and 
fifth  row  in  Figure  3.  In  Figure  3,  we  copy  the  results  frcMn 
Figure  1  at  the  same  longitude  sectors  of  the  seven  .stations 
and  plotted  them  in  the  second,  fourth,  and  sixth  row  for 
comparisoa  One  extra  observation  at  longitudes  230  240° 
from  Fi^re  I  is  added  in  the  sixth  row  of  Figure  3  to 
complete  the  global  longitudinal  distributicxi  as  observed  by 
the  ground  stations. 


[19]  A  simple  inspection  of  Figure  3  will  reveal  the 
amazing  resemblance  of  Aarons’  [1993]  expected  monthly 
occurrence  pattern  in  each  station  with  the  current  ROCSAT 
result.  The  expected  monthly  occurrence  pattern  follows 
closely  to  the  true  averaged  occurrence  rate  (in  solid  lines), 
except  for  one  diff'crcncc  ftiat  is  nob:d  at  Kwajalicn  where 
no  dip  in  the  occurrence  rate  is  seen  in  the  June  solstice,  but 
a  high  plateau  is  observed  by  ROCSAT  instead.  A  small 
shift  in  the  month  for  the  minimum  occurrence  in  the  June 
solstice  is  also  noticed  at  Accra  in  comparison  whh  the 
ROCSAT  data.  All  these  differences  could  be  caused  by 
solar  variability  cftcct  as  we  noticed  bow  high  solar  activi^ 
(in  dashed  lines)  and  moderate  solar  activity  (in  dotted 
liens)  can  change  the  monthly  occurrence  variation  slightly 
as  seen  in  Figure  3. 

[20]  Comparing  the  original  Aarons’  [1993]  results 
rcpiotted  in  Figure  3  with  the  ROCSAT  results  again 
confirms  our  conclusion  that  the  global  longitudinal  varia¬ 
tion  the  nronthly  irregularity  occurrences  vary  smoothly  and 
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slowly  across  different  ground  stations  within  close  longi¬ 
tudinal  span.  Since  the  ROCSAT  results  in  Figure  3  show 
the  true  irrcgularit)'  occurrence  rates  at  these  ground  sta¬ 
tions,  it  is  hc^cd  tiiat  the  results  (as  well  as  the  results  in 
Figure  I)  will  be  valuable  for  comparison  with  future 
scintillation  experiments  conducted  at  any  station. 

3.3.  Causes  of  Seasonall.ongltudinal  Vaiiations  of  the 
P(Mtsunset  Vertical  Drift  N'elocities 

[21]  The  scasonallonghudinal  (s/I)  distributions  of  verti¬ 
cal  drift  velocities  shown  in  Figure  2  constitutes  1-h  obser¬ 
vation  of  the  so-called  prcrcversal  enhancement  (PRE)  of 
the  equatcH'ial  vertical  drift  velocities  at  1 8  - 1 9  LT  sector.  So 
far,  the  global  longitudinal  variation  of  PRE  has  only  been 
obtained  from  the  observations  with  AE-E  from  1977  to 
1979  [Ff^er  et  a!.,  1995].  In  diat  report,  the  local  time 
variations  of  PRE  at  a  few  longitude  sectors  were  empha¬ 
sized.  A  more  complete  global  variation  of  PRE  using  the 
same  ROC?SAT  data  has  become  available  recently  [Feja- 
et  al.,  2008].  On  the  other  hand,  a  model  simubtion  result 
during  an  equinox  season  obtained  from  with  MTIEGCM 
(Magnetospheric -Thermospheric- Ionospheric- Electrody¬ 
namics  General  Circulation  Model)  has  been  reported  by 
Vichare  and  Richmond  [2005].  Comparing  the  global  var¬ 
iation  of  PRE  peaks  shown  by  of  Vichare  and  Richmond  in 
tiicir  Figure  3  with  the  result  of  the  March  equinox  in 
Figure  2  of  the  current  report,  we  notice  that  during  high 
solar  activity  periods  (F10.7  =  200  in  the  simulation  result), 
both  results  indicate  very  similar  ^obal  longitudinal  varia¬ 
tion  except  that  the  simulated  result  has  a  pe^  PRE  value  of 
80  nVs  around  longitude  300^  and  a  broad  vall(ty  of  60  m/s 
betw’ecn  Icmgitudes  1 80  arxl  240*^  that  are  about  a  factor  of 
2  to  4  higher  than  the  March  equinox  values  shown  in 
Figure  2.  The  difference  could  be  due  to  the  fact  that  the 
ROCSAT  observatiems  are  made  at  600  km  altitude  in 
contrast  to  the  simulab:d  values  taken  at  300  km  altitude. 
In  additioa  the  ROCSAT  mca.sured  vertical  drift  velocities 
arc  the  averages  at  18  19  LT  .sector,  while  the  simulated 
values  arc  for  the  peaks  of  PRE.  Furtiiermorc,  as  was 
mentioned  before,  the  postsunset  vertical  drift  velocities 
shown  in  Figure  2  indicate  some  differences  in  the  s/I  dis¬ 
tributions  between  the  March  equinox  and  the  September 
equinox.  The  observed  September  cquirx)x  value  will  then  be 
different  in  the  gross  feature  from  the  simulated  equinox 
result  of  Vichare  and  Richmond.  Different  gross  features  in 
the  global  variations  between  the  two  equinoxes  could  exist 
but  arc  rtot  mentioned  in  their  report. 

[22]  Since  the  cause  of  PRE  has  not  been  cwnplctely 

understood,  it  is  hard  to  exactly  explain  the  cau.se  of  the 
observed  vertical  drift  velocities  in  Figure  2  as  well  as  the 
cau.se  for  the  diflerent  longitudinal  variations  in  the  two 
equinox  seasons  witiiout  a  model  simulation  which  is  not 
available  at  the  moment.  However,  from  many  theoretical 
simulation  models  published  in  the  literature  [c.g.,  Batista 
etal,  1986;  Crain  erai,  1993;  1998a.  l998b;Fesen 

etal,  2(X)0;  Vichare  and  Richmond,  2005],  it  is  understood 
that  the  flux  tube  integrated  Pedersen  conductivity  as  well 
as  the  Irmgitudinal  gradient  of  the  Pedersen  conductivity 
weighted  zonal  wind  plays  the  key  role  in  determining  the 
value  of  PRE.  This  is  the  same  factor  1  mentioited  in  the 
discussion  for  the  occurrence  of  irregularities  in  section  3.1 . 
The  flux  tube  integrated  Pedersen  COTductivity  in  E  region 


is  affected  by  whether  a  syttehronous  sunset  has  occurred  in 
the  conjugate  £-rcgion  i«ios;^cres  or  not.  Therefore,  the 
magnetic  declination  an^c  plays  a  critical  role  in  determin¬ 
ing  the  magnitudes  of  the  post  sunset  vertical  drift  veloci¬ 
ties.  Furthermore,  the  flux  tube  integrated  F-region 
Pedersen  conductivity  depends  on  the  ionospheric  density 
level  as  well  as  the  hemispheric  dcn.sity  di.siribution  in  thic 
conjugate  ionos]^crcs.  Thus  the  largest  variation  should  be 
seen  during  a  solstice  sea.s(Bi.  As  tiie  sunset  terminator 
makes  a  large  angle  alignment  with  the  magrtetic  flux  tubes 
across  the  postsunset  conjugate  E  regions  at  the  longitude 
sectors  of  positive  (phis  signs)  magnetic  declination  during 
the  December  solstice,  the  longitudinal  gradient  of  die  flux 
tube  integrated  Pedersen  conductivities  across  the  sunset 
terminator  is  greatly  reduced  so  that  the  induced  postsunset 
ea.stward  electric  field  will  be  decrea.scd.  Similar  situatioi 
will  occur  at  the  longitude  sectors  of  nt^ative  (minus  signs) 
magnetic  declinaticxi  during  the  June  solstice  sca.son.  Con¬ 
sequently,  the  resultant  vertical  drift  velocity  is  reduced  to 
almost  nil  as  seen  in  Figure  2  in  these  regions  of  large 
magnetic  declinations  during  the  respeetKe  solstice  season. 
Furthermore,  the  dip  equator  located  with  rc.spcct  to  the 
geographic  equator  that  affects  the  ionos^dieric  density'  level 
during  a  sokticc  season  seems  to  oflset  some  of  the 
magnetic  declination  effect  to  either  reduce  or  enhance  the 
resultant  vertical  drift  velocities.  Specifically,  the  local 
winter  ionospheric  density  level  that  occurred  during  the 
June  solstice  at  longitudes  2(X)  280^  because  it  is  located  in 
the  Southern  Hcmisprfierc  seems  to  oflset  some  of  the 
po.sitivc  (plus  signs)  magnetic  decKnaticn  effect  to  yield  a 
smaller  vertical  drift  velocities  to  indicate  a  decline  trend  in 
the  vertical  drift  velocities  in  the  positive  zone  in  Figure  2. 
During  the  June  solstice,  an  inercasing  trend  of  the  vertical 
drift  velocities  that  arc  observed  at  the  negative  magnetic 
dcclinati(Hi  zone  of  longitude  320  30^  is  located  in  the 
Northern  Hemisjrfiere  is  definitely  caused  by  the  local 
summer  effect.  For  the  ease  of  December  solstice,  com¬ 
pletely  opposite  trend  of  vertical  drift  variations  is  noted 
inside  the  longitude  sector  140  280^  and  inside  the  longi¬ 
tude  sector  280  ’30°.  Again  this  can  be  explained  with  the 
local  sca.sonal  effect  of  the  ionospheric  condition  together 
with  the  magnetic  declination  effect  at  these  particular 
longitude  sectors  during  the  December  solstice  season.  Such 
seasonal  variation  of  the  ionospheric  density  level  to  alTect 
the  vertical  drift  velocity  is  similar  to  the  effect  of  low  or 
high  solar  activity  that  results  in  low  or  high  vertical  drift 
velocity. 

[23]  When  the  rc.sidual  effect  in  die  sca.sonal  variation  of 
the  density  distribution  in  relation  to  the  magnetic  declina¬ 
tion  during  a  solstice  sca.son  is  carried  over  to  the  following 
equinox  season,  the  longitudinal  variation  of  vertical  drift 
velocities  that  are  observed  in  the  equinox  season  at 
longitude  of  large  magnetic  declination  could  somewhat 
resemble  the  longitudinal  variation  of  vertical  drift  veloci¬ 
ties  that  have  occurred  in  the  preceding  solstice  sca.son  at 
the  same  lor^hudes.  It  is  thus  speculated  that  the  local 
winter  effect  that  causes  low  vertical  drift  velocity 
observed  during  the  December  solstice  at  longitudes  120 
200^*  where  the  magnetic  declination  is  positive  and  is 
located  in  the  Northern  Hemisphere,  has  been  carried  over 
to  the  following  March  equinox  to  have  smaller  vertical 
drift  velocities  at  these  longitudes  seen  in  Figure  2.  On  the 
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ROCSAT  Observation  of  Equotoriol  Verticol  Drift 


ROCSAT  Observotion  of  Equotoriol  Density  Irregulorities 
LT  18-24  and  Kp  <  3  (bj 


Figure  4.  (a)  Sca.sonal.1ongitudina]  distributicHis  of  the  ROCSAT  ohsenations  of  U)psidc  ionospheric 
V'crtical  drill  vrlocities  cq)icd  from  Figure  2.  (b)  SeasonaUongitudinal  distributions  of  tq)side 
ionospheric  irregularity  occurrence  rates  observed  by  ROCSAT  before  midnight  and  during  geomagnetic 
quiet  period. 


other  hand,  when  the  vertica)  drift  velocity  attains  a  higher 
value  in  the  same  longitude  region  during  the  June  solstice 
in  the  northern  summer  sca.soa  some  residual  seasonal 
effect  of  ftie  ionospheric  density  distribution  seems  to  affect 
the  following  September  equinox  season  to  attain  a  slightly 
higher  vertical  drift  veloci^  than  in  ftic  March  equinox 
scasoi.  Therefore,  the  vertical  drift  velocities  at  loi^itudes 
fh)m  120  to  200°  between  the  September  equinox  and  the 
March  equinox  are  different.  Such  residual  seasonal  effect 
seems  to  further  include  the  longitude  region  up  to  270° 
where  the  magnetic  declination  is  positive:  as  seen  in 
Figure  2.  Similar  rc.sidual  seasonal  cflcct  is  also  noticed 
for  the  contrasting  seasonal  variations  of  the  vertical  drift 
vx:locities  during  the  two  equinoxes  at  longitudes  320  30° 
of  nq'atKe  magnetic  declination  but  arc  located  in  the 
Northern  Hemisphere. 

[34]  Fiitally,  the  longitudinal  variation  of  geomagnetic 
field  strength  at  die  dip  equator  can  also  affect  the  resultant 
vertical  drift  velocities.  Because  of  the  existence  of  the 
South  Atlantic  magnetic  anomaly  at  longitudes  around 
300°.  minimum  field  strength  exists  at  ^c  dip  equator 
(about  220(X)  nT  in  comparison  with  die  averaged  value 
of  28(X)0  nT)  [cf  Vichare  and  Richmond.  2005]  to  yield  a 
20%  higher  vertical  drift  vcloci^  arouixl  this  longitude 


region.  This  could  be  one  of  the  reasons  for  a  higher  vertical 
drift  velocity  noticed  during  the  two  equinox  seasons 
arcHind  this  longitude  region  in  Figum  2.  which  then  leads 
to  higher  occurrences  of  irregularities  around  this  IcHighude 
region.  The  effect  of  the  longitudinal  variation  of  the 
magnetic  field  strength  has  been  emphasised  in  die  Simula- 
ticHi  study  of  the  prcrcv’crsal  enhancement  in  a  report  of 
Vichare  and  Richmond  [2005]. 

3.4.  Correlation  of  Irregularity  Occurrences  With  the 
Postsunset  Vertical  Drift  N'elodties 
[25]  With  some  understaixling  for  the  cause  of  the  post- 
sunset  vertical  drift  velocities,  we  will  study  the  correlation 
between  the  postsunset  vertical  drift  velocity  and  the  oc¬ 
currence  of  density  irregularities  in  the  following.  W^c  would 
like  to  know  if  a  longitude  sector  where  the  postsunset 
vertical  drift  velocity  is  always  high  on  the  average,  the 
probability  of  observing  a  premidnight  density  irregularity 
occurrence  will  also  be  high  in  a  statistical  sense.  Thus  the 
equatorial  density  irregularity  occurrences  within  ±15°  in 
dip  latitude  during  magnetic  quiet  times  and  within  local 
time  sectors  18  24  h  is  plotted  in  Figure  4b  for  comparison 
with  the  s/I  distributions  of  v'crtical  drift  velocities  replotted 
with  the  standard  deviation  in  the  10°  longitude  bin  in 
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Figure  4a.  Here  we  would  Kke  to  mention  again  that  the  data 
set  used  to  derive  die  result  in  Figure  4a  is  different  fhim  the 
data  set  that  yields  the  resuh  of  Figure  4b.  The  two  data  sets 
(ROeSAT  orbits)  arc  mutually  exclusive  from  each  other  so 
that  there  is  no  sequential  causal  relationship  existed 
between  them  within  one  ROCSAT  orbital  period  of96  min. 

[26]  By  inspecting  Figures  4a  and  4b,  we  notice  that 
similar  gross  features  exist  betwxxrn  the  s/I  distributions  of 
the  vertica)  drift  velocities  aixi  the  irregularity  occurrence 
rates.  This  indicates  that  as  the  first  aj^roximation,  the 
postsunset  vertical  drift  is  important  to  the  occurrence  of 
premidni^t  density  irregularities  as  has  been  reported 
before  [Ahdu  et  al.,  1983,  2006;  Fejer  et  al.,  1999]. 
However,  we  also  notice  that  the  two  slightly  different 
s/1  distributions  of  vertical  drift  velocities  during  the 
March  and  September  equinoxes  have  resulted  in  two 
similar  distributions  of  irregularity  occurrences  for  the 
two  cquirxixcs. 

[27]  To  belter  understand  the  relationship  between  the 
postsunset  vertical  drift  velocities  and  the  irregularity  occur¬ 
rences,  a  cross-correlation  analysis  between  the  vertical  drift 
velocity  in  Figure  4a  and  the  irr<^ularity  occurrence  rate  in 
Figure  4b  for  each  season  is  carried  out  and  the  results  arc 
shown  in  Figure  5.  Since  the  magnetic  declination  is  an 
important  factor  in  determining  the  poslsunscl  vertical  drift 
velocity,  we  use  plus  and  minus  signs  in  Figure  5  to  identify 
data  points  taken  at  the  two  longitude  zones  of  large 
magnetic  declinations  with  reference  to  Figure  2.  Data 
points  fr(xn  the  near-zero  m^nctic  declination  zones  arc 
identified  with  circles  in  Figure  5. 

[2«]  Diflerent  degrees  of  correlation  arc  noted  between 
the  vertical  drift  velocity  and  the  irregularity  occurrence  rate 
in  different  seasons.  The  best  correlation  occurs  during  the 
December  solstice  season  and  the  weisl  one.  in  the  Sep¬ 
tember  equinox.  A  coi4)lc  of  points  can  be  concluded  from 
the  results  in  Figure  5.  First,  an  iono.sphcre  which  always 
exhibits  a  large  postsunset  vertical  drift  velocity  in  a  season 
seem  to  rc.sult  in  mmc  frequent  irregularity  occurrences. 
This  seems  logical  but  is  also  less  stringent  than  the 
ccxiclusions  made  in  the  reports  of  Abdu  et  al.  [1983, 
2006]  and  Fejer  et  aL  [  1999],  where  a  minimum  threshold 
of  the  vertical  drift  velocity  (about  10  IS  m/s)  is  needed  for 
the  subsequent  irregularity'  occurrences  indicated  in  the 
former  report;  while  in  the  latter  report,  this  threshold  of 
drift  velocity  to  generate  .strong  irregularities  increases 
with  solar  activity.  Again,  it  is  emphasized  that  the  current 
study  is  to  correlate  the  s/1  distributioas  of  the  pmstsuntset 
vertical  drift  velocities  with  the  probability  distribution  in 
the  s/I  variations  of  irregularity’  occurrences  in  a  statistical 
sense.  No  one-to-one  causal  rclatitmship  between  die  verti¬ 
cal  drift  velocity  and  the  subsequent  irregularity  occurrence 
is  provided  here,  as  was  studied  by  etai.  [1983,  2006] 
or  Fejer  et  al.  [1999]. 

[»]  SecOTd,  the  cause  of  bad  correlation  between  the 
vertical  drift  velocity  and  the  irregularity  occurrertec  during 
the  September  equinox  seems  to  come  from  the  fact  that 
different  longitudinal  distributions  of  vertical  drift  velocities 
exist  in  the  two  equinoxes  in  contrast  to  the  similar 
longitudinal  distribution  of  irregularity  occurrences  in  the 
two  equinoxes,  as  was  noted  before.  TTiis  can  h^pen  since 
the  vertical  drift  velocity  is  caused  mainly  by  factra’  1  di.s- 
cussed  in  subsccticxi  3.1;  while  the  occurrence  ofposisunset 


irregularity  cranes  from  die  combined  effects  of  factors 
1  and  2.  Thus  any  seasonal  variation  of  the  neutral  wind 
effect  hidden  in  factor  2  such  as  the  degree  of  hemispheric 
dcn.sity  asymmetry  and  the  density  level  carried  over  from 
the  previous  sobtice  season  can  affect  the  instability 
growth  of  irregularity  occurrences  for  the  following  equi¬ 
nox  season  even  if  the  p’econditioncd  postsunset  vertical 
drift  velocity  from  factor  1  has  been  set  A  solar  variability 
effect  for  the  contrasting  observations  of  irregularity 
occurrences  has  been  made  at  longitudes  of  large  magnetic 
declinations  during  a  solstice  season  and  is  reported  by  Su 
et  al.  [2007].  Thus  the  postsunset  vertical  drift  velocity 
seems  to  serve  as  one  of  the  indicators  in  determining  the 
irr<gularity  occurrences  in  a  scasoa  It  is  thus  claimed  that 
the  ionosfdieric  craidition  such  as  the  hemispheric  dbtri- 
bution  and  density  level  serve  as  the  additional  supple¬ 
ments  to  the  development  of  irregularity  growth  to 
complete  the  final  s/1  distributions.  T^  instability  initiat¬ 
ing  seed  dbtribution  could  also  be  the  additional  factor, 
but  it  will  be  argued  against  thb  as  .shown  in  the  next 
.section  3.5. 

[30]  When  the  results  of  Figure  5  arc  further  examined  for 
each  sca-son,  we  notice  that  many  data  points  with  minus 
signs  lie  on  the  ujper  side  (for  higher  irregularity'  occur¬ 
rences)  of  the  regression  Kne  to  indicate  that  at  longitudes  of 
negative  magnetic  dccHnation.  higher  occurrciKes  of  irreg¬ 
ularities  can  come  from  a  small  vertical  drift  velocity.  On 
the  other  hand,  many  larger  vertical  drift  velocities  (with 
plus  signs)  that  fall  below  the  fitted  line  also  indicate  failure 
of  driving  a  large  irregularity'  occurrence  rate  at  longitudes 
of  positive  magnetic  declination.  This  is  most  noticeable 
during  the  September  equinox.  All  these  data  points  that  fall 
outside  the  fitted  Kne  seem  to  indicate  that  u.sing  the  season 
as  the  reference  in  the  correlation  study  between  the  vertical 
drift  velocity  and  the  irrq'ubrity  occurrence  may  riot  be 
appropriate. 

[31]  Thus  a  rtew  regression  analysb  is  carried  out  u.sing 
the  longitude  zones  of  diflerent  magnetic  declinations  as  the 
reference  to  study  the  correlation  ^iwecn  the  vertical  drift 
velocity  and  the  irregularity  occurrence.  The  results  are 
plotted  in  Figure  6.  We  use  the  first  letter  of  the  season  to 
identify  the  observation  made  in  a  season  such  as  M  for  the 
March  cquirwx.  J  for  the  June  solstice  and  so  rai.  From  the 
fitted  line  in  the  regression  analysb,  we  notice  diat  the  data 
points  arc  scattered  in  such  a  way  that  there  seems  no 
seasonal  differences.  Two  points  can  be  concluded  fiom 
Figure  6.  First,  the  cross  correlation  between  the  vertical 
drift  velocity  and  the  irregularity'  occurrence  rate  is  good  in 
every  longitude  zone,  and  the  froportionality  constant 
between  die  two  b  about  15  m/s  in  the  vertical  drift  velocity 
to  have  about  5  10%  in  irrc^larity  occurrence  probability. 
It  should  be  noted  that  5-10%  probability'  of  irregularity 
occurrence  is  ratha  high  because  the  highe.st  probability  of 
irregularity  occurrence  per  night  is  only  about  30%.  Thus 
when  the  postsunset  vertical  drift  velocity  b  about  1 5  m/s, 
we  can  expect  a  5  10%  chance  of  observing  an  irregularity' 
occurrence  before  midnight  during  a  magnetic  quiet  time. 
Second,  although  the  over-all  crarclation  is  improved,  the 
correlation  coefficient  between  the  vertical  drift  velocity  and 
the  irregularity  occurrence  rate  drop  slightly  in  comparison 
with  the  better  ones  in  the  December  sol^ke  arxl  March 
equinox  shown  in  Figure  5.  This  impKcs  that  the  effectiveness 
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Verticol  Drift  Velocity  (m/s) 


Figure  5.  Linear  regression  analysis  of  die  topside  vertical  drift  velocities  from  Figure  4a  with  the 
irregularity  occurrence  rates  from  Figure  4b  in  each  scasoa  Data  poiitts  labeled  with  phis  and  minus  signs 
to  identify  data  taken  in  the  IcHigitude  re^ons  of  Figures  4a  and  4b  in  which  the  magiKtic  declinations  arc 
positive  and  negative,  respectively.  Data  points  taken  at  l<Higitudes  of  itear-7cro  magnetic  declination  are 
labeled  whh  circles. 


of  driving  irrcgularify  occurrerKC  from  vertical  drift  velocity 
could  have  some  seasonal  dependence.  And  this  seasonal 
factor  is  the  imosphcric  densify  level  and  the  hemispheric 
di.stribution  that  alfocts  die  growth  of  the  irrcgularitv'  as  was 
mentioned  bdbre. 


3,5.  Seed  Per(urt)a(i»ns  and  Topside  Irregularity 
Occurrences 

[32]  The  importance  of  seed  perturbation  for  the  equato¬ 
rial  irregularity  occurrences  has  been  reported  in  many 
stixlies  [c.g.,  Rottger,  1981;  Huang  and  Kelley,  1996; 
McClure  et  al.,  1998;  Tsunoda,  2005].  In  the  report  of 
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Figure  6.  Linear  regression  analysis  of  the  topside  vertical  drift  velocities  wth  irregularity  occurrence 
rales  at  longitude  regi(Mis  with  three  ditfercnl  magnetic  declinations.  Data  points  arc  labeled  with  lettas  to 
identify  the  seasons  of  observations. 


McClure  et  aL  [1998],  the  authors  claimed  that  the  post¬ 
sunset  icmosphcrc  seems  to  be  always  set  in  a  favorable 
condition  for  flic  R-T  in.stabili^  process  from  the  prerever- 
sal  enhancement  so  that  the  llnal  s/I  distn'butions  of  irreg- 
ularit>’  occurrences  should  be  related  to  the  s/1  distributions 
of  seed  perturbations.  They  iurthcr  indicated  that  the 
s/1  distributions  of  intertrqiical  COTvergcncc  rone  (ITCZ) 
[Waliser  and  Gautier.  1993]  corrdate  well  wifli  the  s/I  dis¬ 
tributions  of  irregularity  occurrences.  The  current  study 
seems  to  indicate  the  other  way  around.  We  conclude 
that  the  s/1  distributions  of  the  postsunset  vertical  drift 
velocity  arc  adequate  to  result  in  the  observed  s/1  distributions 
of  inegularily  occurrences  without  adding  any  complcmcn- 
taiy  s/I  distributions  of  instability  perturbation  seeds  ftom 
atmospheric  disturbances.  The  s/l  distributions  of  the  post¬ 
sunset  vertical  drift  velocities  have  been  shown  to  be 
c(Hitrollcd  by  the  magnetic  declinations  for  the  seasiHial 
variation  in  the  alignment  of  the  magnetic  ftux  tube  with 
respect  to  the  sunset  terminator  and  the  seasonal  variation  of 
flic  background  ionospheric  condition  at  the  dip  equator  of 
dilfaent  gcogr^hic  latitudes.  The  resultant  s/1  distributions 
of  the  equatorial  density  irregularities  will  also  be  controlled 
by  these  two  effects.  These  two  effects  were  first  indicated  by 
Tsunoda  [1985]  in  studying  the  cquatrM’ial  scintillation 


occurrences,  and  arc  now  rcc<xifirmcd  in  this  report.  Fur¬ 
thermore,  the  geographic  latitudinal  effect  of  the  seasonal 
variation  in  the  background  ionospheric  condition  at  certain 
dip  equator  locati<Hi  is  found  to  exceed  the  magnetic  decli¬ 
nation  effect  as  seen  in  the  following  example. 

[33]  Using  this  example,  we  conclude  that  the  longitudi¬ 
nal  variations  of  the  irregularity  occurrences  and  the  vertical 
drift  velocities  are  related  to  the  smooth  global  variation  of 
the  postsunset  ionospheric  condition  from  the  smooth 
variations  of  the  magnetic  declination  as  well  as  slow 
seasonal  variation  effect  in  the  ionosphere.  There  seems 
no  need  to  add  any  other  additional  factors  such  as  the 
atmosphffic  seed  perturbations  wbich  could  come  from 
changes  in  the  tqiographic  feature  across  the  longitudes 
to  obtain  the  final  s/1  distributions  of  equatorial  density 
irregularities.  The  illustratir^'  example  is  carried  exit  by 
comparing  the  results  taken  from  a  longitude  region  located 
between  250  and  280®  in  the  eastern  Pacific  regim  where 
no  topographic  feature  exists  and  the  magnetic  declination 
is  positive  against  the  result  from  a  longitude  region 
between  310  and  340®  where  the  high  Andes  mountain 
range  exists  outside  the  wesu:m  bcxindaiy  of  flic  region  and 
the  magnetic  declination  has  a  large  negative  value.  Even 
wifli  such  contrasting  topographic  features  and  magnetic 
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ROCSAT  Observation  of  Irregularity  Occurrence  and 


Fi{»ure  7.  Comparison  of  the  postsunset  vertical  drift  velocities  and  the  irregularity  occurrences  at  two 
longitudes  250  280®  and  310  340®. 


dcclinatioas,  the  irregularity  occurrence  rates  as  well  as  the 
vertical  drift  velocities  arc  very  similar  to  each  other  in  the 
monthly  variation  as  shown  in  Figure  7.  We  could  have 
used  a  longitude  sector  290  320®,  or  300  330®  to  illustrate 
the  tq)ogr^hic  contrast  to  the  longitudes  250  280®.  but  we 
adopt  the  longitude  sector  310  340®  to  avoid  any  spill-over 
effect  Irom  the  close  proximity  to  the  longitudes  250  -  280®, 
when  the  smooth  variations  of  the  verticals  drift  velocities 


as  well  as  the  irregularity  occurrences  between  two  longi¬ 
tude  regions  is  the  point  of  discussion. 

[34]  The  result  at  longitudes  310  340®  shown  in  the 
lower  section  of  Figure  7  is  discussed  first.  We  noticed  that 
the  monthfy  variation  of  vertical  drift  velocities  tracks  ver>’ 
closely  to  that  of  irregularity  occurrence  rates.  This  seems  to 
indicate  that  the  vertical  drift  velocity  can  drive  the  final 
irregularity  occurrence  in  good  proptirtion.  Furthermore, 
extremely  low  irregularity  occurrence  rates  are  ob.served 
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during  the  June  solstice,  and  very  high  irregularity  occur¬ 
rences  exist  during  the  December  solstice  as  wdl  as  in  the 
two  equinox  seasons.  The  opposite  behavior  in  both 
the  vertical  drift  velocity  and  the  irregularity  occurrence 
for  die  two  sobtice  seasons  can  be  easily  understood  ftom 
the  existence  of  a  large  negative  magnetic  declination  in 
these  longitude  regions.  Such  drastic  variation  in  the 
monthly  irregularity  occurrence  distribution  has  also  been 
reported  bcf<(X‘e  with  ionosondc  data  taken  at  Fortaleza 
station  (longitude  321.55**)  in  the  Brazilian  sector  [Ahdu 
etal.,  1992]. 

[3s]  As  for  the  longitude  sector  250  280®  seen  in  the 
upper  section  of  Figure  7,  again  the  monthly  variation  of  the 
vertical  drift  velocities  tracks  pretty  close  to  that  of  irreg¬ 
ularity  occurrences.  However,  a  lcs.ser  degree  of  correlation 
is  noted  between  the  two  than  what  is  observed  at  longi¬ 
tudes  3 1 0  340®.  Furthermore,  these  longitude  regions  have 
positive  magnetic  declinations,  yet  the  vertical  drift  velocity 
as  well  as  the  irregularity  occurrence  rate  is  observed  to 
have  a  minimum  during  die  June  solstice,  and  the  maxima 
during  the  two  equinoxes.  Such  result  has  been  noticed 
before  in  the  1 .54  GHz  amplitude  scintillation  experiments 
carried  out  at  the  Huanc^o  station  (longitude  283®)  where 
the  equinoctial  maximum  and  the  June  solstice  minimum 
have  been  obsavxrd  [Basu  et  al.,  1980].  The  minimum 
occurrence  during  the  June  solstice  seems  to  be  resulted 
ftom  the  local  winter  effoct  in  the  ionospheric  conditions  at 
longitudes  250  2  80®  that  arc  located  in  the  Soudicm 
Hemisphere.  The  effect  of  positive  magnetic  declination  at 
longitudes  250  -  280®  seem  to  have  been  offset  by  the  low 
density  level  on  the  postsunset  ionosphere  existed  during 
the  local  winter  in  the  June  sdstice.  On  the  other  hand,  the 
positive  magnetic  declination  effect  prevails  during  the 
December  sobtice  season  to  indicate  low  occurrence  rates 
for  both  vertical  drift  velocities  and  irrcgularit>'  occurrences. 

[%]  The  similarities  of  the  observations  made  at  Itxigi- 
tudes  250  280®  and  310  340®  in  Figure  7  arc  highlighted 
by  the  low  occurrences  of  both  the  vertical  drift  velocities 
and  the  irregularity  occurrences  during  the  June  solstice  in 
these  two  longhudb  regions.  The  cause  can  be  explained  by 
the  continuing  and  slow  variation  of  the  ionosj^eric  con¬ 
ditions  Irran  the  magnetic  declination  effoct  together  with 
the  local  scasfflial  effect  at  the  dip  equator.  The  effect  of 
perturbation  seeds  that  eould  come  ftom  the  change  of  the 
topographic  feature  in  the  Andes  mountain  range  and  the 
pattern  variation  in  the  ITCZ  b  not  apparent  in  the  monthly 
v*ariations  of  vertical  drift  velocities  and  irrq»ularity  occur¬ 
rences  between  these  two  Icxigitudc  regions.  Therefore,  it 
implies  that  the  postsunset  vertical  drift  velocity  can  serve 
as  the  final  indicator  to  determine  the  statbtical  outcome  of 
the  equatorial  density  irregularis  occurrerKe  probability 
without  any  additional  tqiographic  related  gravity  wave 
seeding.  In  other  words,  as  we  expand  the  conclusion  made 
by  Mendilh  et  al.  [2001]  that  the  dcctrodynamic  ExB 
effect  in  the  postsunset  ionosphere  b  the  most  impcHarit 
factor  in  deciding  die  irregularis  occurrence  to  further 
include  the  postsunset  ionospheric  background  condition 
as  the  other  siqiplcmcnlary  factor,  then  the  obsened 
s/I  dbtributions  of  irregularis  occurrences  need  no  addi¬ 
tional  in.stabilis  triggering  seed  distributiem  to  complete 
the  final  s/1  distributions  of  irregularis  occurreiKes.  Such 
dc-cmpdiasis  of  the  importance  of  the  perturbation  seeds 


from  atmo.s(dicric  dbturbanccs  can  abo  be  inferred  ftom 
the  extensSe  studies  of  bottom-type  layers  as  the  precur¬ 
sors  of  large-scale  radar  plumes  observed  by  JULIA  radar 
reported  by  HyseU  and  Burcham  [1998]  and  Hysell  [2(X)0]. 
The  omnipresences  of  bottom-type  layers  during  nights  of 
equinox  season  do  not  necessarily  coitk  from  the  atnx)- 
s|^cric  .seed  perturbations,  but  can  be  controlled  by  the 
evening  vertex  in  the  posbunset  F-region  ionosphere  in 
which  large-scale  wave  structure  can  be  formed  [cf. 
Haerendel  et  al.,  1992;  Eccles  et  aL,  1999;  Kudeki  and 
Bhattacharyya,  1999;  Tsunoda,  2005]. 

4.  Conclusions 

[37]  The  global  temporal'spatial  variations  of  density 
irregularity  occurrence  rate  has  been  obtained  with  the 
ROeSAT  data  taken  during  high  to  moderate  solar  activi^ 
years  of  1999  2004.  The  current  result  provides  a  good 
reference  for  the  global  monthly.'sca.sonal.>1ongitudinal  dis¬ 
tributions  of  irregularity  occurrence  pattern  to  till  the  gap  in 
sane  ca.stcm  Pacific  rcgitris  from  past  observations.  The 
result  further  indicates  that  the  monthly  occurrence  variation 
changes  gradually  and  smoothly  in  the  occurrence  pattern 
across  the  longitudes.  Thb  is  allributtrd  to  the  fact  that  the 
cause  of  irregularity  occurrence  b  most  importantly  related 
to  the  high-postsun.set  iraiosi^cre  resulted  from  the  induced 
eastward  electric  field  that  is  closely  related  to  the  magnetic 
declination.  In  addition,  the  seascxial  variation  of  the  back¬ 
ground  ionospheric  condition  at  the  location  of  the  dip 
equator  with  respect  to  the  geographic  cqualw  also  contrib¬ 
utes  to  a  smooth  variation  of  irregularity  occurrences  across 
the  longitudes.  Such  smooth  variation  in  the  postsunset 
vertical  drift  velocities  as  well  as  the  irregularity  occurren¬ 
ces  b  illustrated  with  the  comparison  of  the  results  taken 
from  two  sqiarate  longitude  sectors  250  280®  and  310 
340®.  where  opposite  topographic  feature  and  magnetic 
declination  exbt.  It  is  thus  concluded  that  the  instability 
seeding  perturbations  ftom  atmospheric  dbturbanccs  can  be 
ignored  in  the  final  s/1  distributions  of  irregularity  occur¬ 
rences  at  die  topside  ionosfdicrc.  Although  we  have  no 
thecrctical  model  calculation  to  back  it  up,  we  feel  our 
conclu.sion  points  to  die  right  direction  because  the  insta¬ 
bility  perturbation  seeds  from  atmospheric  disturbances  fail 
to  show  any  role  in  the  current  .statistical  study  in  deter¬ 
mining  the  final  m<xithly/sca.sonal/longitudinal  dbtributicxis 
of  vertical  drift  velocities  as  well  as  irregularity  occurrences. 
One  thing  that  needs  to  be  studied  in  the  future  is  the  solar 
variability  effect  in  the  monthly.'scasonal'lon^tudinal  dis¬ 
tributions  of  vertical  drift  velocities  and  irregularis  occur- 
rciKcs,  and  their  rebtionship  to  each  other  during  a  fixed 
solar  activity  period.  Thb  will  be  done  when  mere  space 
ob.servati(His  become  available. 
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